The purpose of this study is to identify the adolescents' knowledge of the energy content of the standard portion size of foods and to investigate the association between their knowledge and energy intake and also body mass index (BMI). A total of 251 middle school adolescents participated in this study. Participants' knowledge was assessed based on their estimation of the energy content of the standard portion size of foods. To estimate the energy intake of the subjects, 24-h recall was used. The percentage of participants who accurately estimated (that is within 20% of the true value) the energy content of the standard portion size was calculated for each of the 32 typical foods. The food for which the most participants revealed the accurate estimation was cooked rice (39.5%). The proportion of students who overestimated the energy contents was highest for vegetables (98%), and oils and sugar (90%). The female students were more likely than males to provide the accurate estimation of energy contents for standard portion size of foods. After adjusting for age and sex, the estimation level ([estimation value/true value] × 100) of the energy content of some foods had a significant positive relationship with BMI, but had no significant relationship with reported energy intake. From these results, we concluded that the knowledge of energy content of food was poor among adolescents, with some gender difference, and that their estimation of the calorie contents of foods increased along with their BMI.
Introduction
In order to assist people in meeting daily nutrient recommendations, dietary intake is interpreted as two terms, serving size (standard portion size) and portion size. The serving size of a food refers to the recommended amount of food to be taken according to public guidelines on dietary intake such as the Food Pyramid. On the other hand, portion size refers to the amount of food that an individual decides to take at one time, and this is not necessarily the same as the serving size. A number of studies show that an increase in the portion size contributes to the rise in obesity [1] [2] [3] . In order to prevent obesity or underweight, therefore, an individual should choose the right amount of food and have accurate understanding of the standard portion size. In many countries, therefore, the government establishes a recommended portion size to help people meet proper energy requirements [4] [5] [6] . The food guide of the Korean Dietary Reference Intakes also provides the standard portion size of a limited number of typical Korean foods [7] .
The nutrition education provided for Korean middle school students in home economics class suggests a standard diet including various nutrients based on nutritional intake standards and five basic food groups. Nevertheless, the standard portion size of various foods or portion size estimation is not included in regular classes but only in the appendix. Students are not given an opportunity to actually weigh various foods, for it is replaced by theoretical classes. Moreover, such education fails to provide the nutritional content of foods but only lists food sources of nutrients, which greatly limits students' ability to use the knowledge in deciding what to eat and how much to eat. That is, the current education cannot help students to figure out the calories of the standard portion size for common foods and, as a result, they may eat too much or little compared to the recommended amounts of food [8, 9] .
Nutritional education program should not only provide general knowledge but also actually help students make the right decision about food intake. From this point of view, adolescents who are more likely to choose what to eat by themselves need help in understanding amounts and the calorie content of foods. In particular, the instruction should be practical, rather than focused on theories, utilizing visual materials such as actual pictures or food models. To that end, we need to first analyze adolescents' knowledge regarding the energy content of the standard portion sizes of typical Korean foods in the current nutrition education environment.
The purpose of this study is 1) to identify the knowledge of the energy content of standard portion size of 32 typical Korean foods; 2) to investigate the relation between their estimation and reported energy intake and body mass index (BMI). Finally we provide data to address improving nutritional education programs for adolescents.
Materials and Methods

Subjects and Period
We conducted a preliminary survey on June 28, 2010 and modified and improved the questionnaire in order to distribute 360 copies to male and female students in a middle school, located in Seoul, Korea, on July 2. We collected 358 copies and excluded incomplete ones. Finally, a total of 251 copies were used for statistical analysis.
Methods and Contents
The questionnaire consisted of 3 questions for general information including body weight and height, and 32 about knowledge of energy content of the standard portion size of 32 typical Korean foods. The questionnaire also included the 24-hour recall method.
Body weight and height were obtained using a self-reported data. In order to conduct the survey on the knowledge of the energy content of standard portion size of foods, we provided 32 types of typical Korean foods with describing in household measures about the portion size of each food and allowed the subjects to freely describe energy content of each food. The 32 food items were decided based on the standard portion size of major foods provided in the home economics text book used in middle schools and the food guide of the Korean Dietary Reference Intakes [7] .
The dietary survey on the types and amounts of foods taken for breakfast, lunch, dinner, and for snacks was carried out by using the 24-hour recall method by professionally trained dietitians from the morning and until bedtime on the day before the survey. Food models and pictures were used to help participants accurately recall the food they had eaten. The daily energy intake was analyzed by CAN-Pro 3.0 (The Korean Nutrition Society, 2005).
Statistical Analysis
The data were analyzed by SAS (version 9.1) so as to calculate the frequency, percentage, average, and standard deviation according to the gender. Participants' energy estimation level was calculated by the following equation; (estimation value of the energy content of each food/true value) × 100. Based on the results of the existing research, the participants were divided into the following 3 categories: under calorie estimation (the estimation was under 20% and over from the actual calories of the standard potion size of each food), accurate calorie estimation (the estimation was within the ±20% of the actual calories of the standard potion size of each food), and over calorie estimation (the estimation was over 20% and more of the actual calories of the standard potion size of each food) [8, 9] . For the significance analysis, we used the χ 2 -test and Student's t-test. We analyzed the partial correlation coefficients among the calorie estimation level, energy intake, and BMI, after adjusting for age only or age and sex (in the case of total subjects). All statistical significance was considered at the level of α < 0.05. Table 1 shows the general information of the subjects. The average age of participant was 14.9 years old. The height (p < 0.001) and weight (p = 0.001) were significantly higher in the male group than in the female group. Regarding the BMI (19.9 kg/m 2 in male vs. 19.73 kg/m 2 in female), however, there was no significant difference between the two groups. The energy intake was significantly higher in the male group than in the female group (2213.6 kcal vs. 1872.9 kcal, p < 0.001). The energy intake based on the estimated energy requirement was 85.7% in the male group and 93.6% in the female group, showing a significant difference (p = 0.002).
Results
General Characteristics of the Subjects
Knowledge of Calorie Content about
Standard Portion Size of 32 Typical Korean Foods Table 2 and Figure 1 show the students' knowledge levels of the calorie content of 32 typical foods. The food group for which the most participants provided the accurate estimation was grains/starches (25.6%), followed by dairy (22.5%) and protein foods (15.6%). The food for which the most participants provided the accurate estimation was cooked rice (35.5%), followed by noodles (29.5%), milk (29.5%), and sweet potatoes (27.9%). The proportion of subjects who overestimated the calorie content was highest for vegetables (98%), oils and sugar (90%), and fruits (77%). In the protein foods, 15.6% of the participants had accurate knowledge about the energy content of each protein food item. About 90% of the participants thought that the calorie contents of oils and sugar was higher than their actual calorie contents. Among the 32 typical foods, there was a significant gender difference in the estimation of the calories of 13 foods. Compared with the male students, a higher proportion of female students provided the accurate calorie estimation for cooked rice (p < 0.05), noodles (p < 0.01), sweet potatoes (p < 0.05), spinach (p < 0.05), mandarin orange (p < 0.05), and mackerel (p < 0.05). A higher proportion of female students provided calorie over-estimation for potato (p < 0.01) and milk (p < 0.01). For yogurt (p < 0.05), cooking oil (p < 0.001), butter (p < 0.05), mayonnaise (p < 0.05), and sugar (p < 0.05), a higher proportion of male students provided calorie overestimation than that of female students.
Relationship between the Calorie Estimation of Portion Size and Energy Intake, and BMI
The relationship between estimation of calorie content for portion size of food and energy intake, and also BMI is shown in Table 3 . From the results of using total subjects, there were significant positive correlations between BMI and the calorie estimation level of noodles (p < 0.05), potato (p < 0.01), sweet potato (p < 0.05), kimchi (p < 0.05), orange juice (p < 0.05), cheese (p < 0.01), yogurt (p < 0.01), ice cream (p < 0.01), cooking oil (p < 0.05), and sugar (p < 0.05). In the male group, BMI had a significant positive relationship with the calorie estimation level of cooked rice (p < 0.05), potato (p < 0.05), sweet potato (p < 0.05), and orange juice (p < 0.05). In the female group, BMI had a significant positive relationship with the calorie estimation level of noodles (p < 0.05), cereal (p < 0.05), kimchi (p < 0.05), milk (p < 0.001), yogurt (p < 0.01), liquid yogurt (p < 0.05), ice cream (p < 0.05), cooking oil (p < 0.05), and mayonnaise (p < 0.05). There was no significant correlation between energy intake and calorie estimation level, for both males and females.
Discussion
In this study, we investigated the knowledge of the energy content of standard portion size of 32 typical Korean foods among middle-school adolescents in the current nutrition education environment in Korea. According to the results, the knowledge of the energy content of food was poor among the middle-school adolescents. The percentage of participants who accurately estimated the energy content of the standard portion size was calculated for each of the 32 typical foods, and then the total f these percentages (ranging from 0% for kimchi and o * † Calorie estimation (%) = (Subjects' estimation of calorie contents of the standard potion size of each food/the actual calorie contents) × 100; † † Adjusted by age and sex in total subjects, adjusted by age in each male and female subjects. mushroom to 35.5% for cooked rice) were averaged to be 15.3%. This finding suggests that knowledge of the energy content of food in middle school adolescent is undesirably lacking.
The participants' knowledge of calorie content of the portion size tended to differ according to the various food groups. The food groups for which the most students provided the accurate estimation was grains/starches (25.6%), followed by dairy (22.5%) and protein foods (15.6%). Most of the students thought that the calorie contents of vegetables, oils and sugar, and fruits were higher than their actual calorie contents.
Regarding the grains/starches, about 36% of the students had knowledge of the calorie content of the standard portion size for a bowl of cooked rice. In the case of noodles and bread, over 50% of the participants estimated that the calorie content was lower than the actual calorie contents. According to the 2009 National Health and Nutrition Examination Survey (NHANES) in Korea, grains were the greatest source of energy for the Korean people [10] . In particular, people ate rice 2.6 times a day and consumed 182.3 g of rice a day, showing the greatest frequency and largest quantities among all foods. As such, the diet of the Korean people heavily depends on grains, but just 36% of this study subjects gave an accurate energy contents for rice, which may cause an imbalance of nutrients. Therefore, teenagers need to be taught about the standard portion size of grains/starches in order to consume carbohydrates, which are the major source of energy, in a balanced manner.
Particularly, kimchi is one of the most frequently consumed vegetables in Korea. However, most of the students overestimated the calorie content of kimchi, demonstrating little knowledge of the calorie content of this food. As for milk a relatively high percentage (about 30%) of the students accurately estimated the calorie content of milk. Due to recognizing the importance of dairy foods as a source of calcium, home and school meals frequently include milk to support proper growth in adolescents, and milk is usually served in a portion-size container including nutrition label, which may explain the relatively high knowledge of calorie content of milk.
An average of 97%, 90%, and 77% of the participants thought that the calorie contents of vegetables, oils and sugar, and fruits were higher than their actual calorie contents, respectively. Through these results, it can be inferred that the students thought that oils and sugar contained a high number of calories regardless of standard portion size; furthermore, they overestimated the calorie contents of vegetables and fruits due to the large portion size of these low calorie density foods. Therefore, in nutrition education programs for adolescents, both the proper portion size and calorie content of each food should be emphasized.
This study showed a significant gender difference in the calorie estimation levels of 19 items among the 32 foods. Regardless of statistical significance, the female students had a higher rate of accurate-estimation for 21 foods. This result was consistent with previous studies showing that the nutrition knowledge score of girls was higher than that of boys [11] [12] [13] .
According to the recent studies, calorie awareness of food may affect the food choice. Roberto et al. found that participants who read posted calorie information ordered fewer calories [14] , and Tandon et al. reported that awareness of calorie information had an effect on parents' food choices for young children but no effect on the adults' choice [15] . It was also found that customers who reported using the calorie information after chain restaurants were required to show the energy contents of all items on their menus purchased an average of 106 fewer calories compared with customers who did not see or did not use such information [16] . Even though the setting of these studies was restaurants, unlike the present study's setting, calorie awareness of food can potentially affect energy intake and food choice by informed decision making. However, in this study, there was no significant relationship between the knowledge of calorie contents of portion size and energy intake, in both boys and girls. From these results, we infer the following: first, the adolescents' knowledge of calorie contents of standard portion size of foods was too low to affect their energy intake; second, they may not apply the knowledge of calorie contents of portion size of foods to their actual dietary intake.
On the other hand, the relative % estimation of the energy contents of some foods had a significant positive relationship with BMI. Despite some differences in food items between boys and girls, students' estimation of the calorie contents of some foods increased along with their BMI increase. This correlation analysis cannot distinguish the clear relationship between accuracy of estimation and BMI, but it does show that knowledge or awareness of calorie contents among middle school adolescents is associated with BMI. Carels et al. reported that adults in a weight loss program with a higher BMI were less accurate in energy estimation of individual foods than those with a lower BMI at baseline [17] . Also, the other study carried by Chen et al. showed BMI had a significant effect on students' estimation of their recommended daily calorie needs as students with underweight/ normal BMI were more accurate [18] .
This study has several limitations. First, the number of subjects was small compared with the initial number of respondents as we included only the subjects who pro-vided non-missing valid data. Second, we did not ask whether the subjects actually knew the calorie contents of the portion size of 32 typical Korean foods or not, as we mainly focused on their estimation level of calorie contents of portion-size foods. Therefore, we could not exactly determine whether the subjects' estimation level was based on knowledge or speculation. Third, we also did not survey whether the subjects used the knowledge of calorie contents when they chose the foods. As subjects' motivation or willingness to apply their knowledge can affect their food choices, this limitation may be another reason for the non-significant relationship between energy intake and the calorie content of food.
Conclusion
We concluded from the results that the knowledge of energy contents of foods was poor among the middleschool adolescents, with some gender difference, and the relative % estimation of energy contents and BMI were positively correlated. Therefore, in the future, nutrition education programs should give greater attention to improving adolescents' knowledge of calorie contents of foods and to helping them apply this knowledge in order to develop effective dietary plans. Furthermore, nutrition education programs should encourage the adolescents to apply this knowledge to make proper choices of foods so as to maintain ideal body weight.
